By considering the superembedding equation for the Type II superstring we derive the classical relation between the NSR string and the Type II GS superstring Grassmannian variables. The connection between the actions of these two models is also established. Then introducing the proper twistor-like Lorentz harmonic variables we fix κ−symmetry of the GS formulation in the manifestly SO(1,9) Lorentz covariant manner and establish the relation between the gauge-fixed variables of the NSR and the Type II GS models.
Introduction
In Refs. [1] , [2] was proved the classical equivalence between the massless N = 1 Brink-Schwarz superparticle [3] and the massless spinning particle [4] , possessing the n = 1 local worldsheet supersymmetry. However, their first-quantized spectra of states are different. On the other hand, it is well known that in D = 10 the GSO-projected NSR string [5] , [6] and the GS superstring [7] , [8] describe the same set of quantum states. Thus, there naturally arises a question of establishing a classical relation between these models in the manifestly SO(1, 9) 1 . Although some interesting results towards a solution of this problem were obtained in [9] , [10] , [11] in the context of the NSR string propeties application to the covariant quantization of the D = 10 GS superstring, this issue is far from being clear.
The crucial point in solving this problem is to find a Cartan-Penrose-type relation between the NSR string and the Type II GS superstring variables ψ m ± and θ α1,2 . We suggest such a relation. It is a direct generalization of that of Ref. [1] , [2] for particles and involves commumting D = 10 MW spinors λ α ± , which are the superpartners of θ α1,2 with respect to the n = (1|1) local worldsheet supersymmetry. It is this n = (1|1) local worldsheet supersymmetry that the NSR string possesses.
Another issue which we concern in this paper is the manifestly SO(1, 9) Lorentz covariant κ−symmetry fixing for the Type II GS superstring model. This allows one to deal only with the physical variables and becomes especially important when trying to simplify the GS superstring action in curved backgrounds, in particular, in the intensively studied now AdS ones [12] . To gauge away κ−symmetry in the manifestly covariant way we introduce twistor-like Lorentz-harmonic variables [13] , parametrizing the coset space SO(1, 9)/SO(1, 1) × SO (8) and decompose Grassmannian spinors θ α1,2 on them. We also relate κ−symmetry fixed vari- 2 Relation between the NSR string and the Type II
GS superstring
As is known from the superembedding theory [14] , an embedding of a supersurface into a target-superspace is governed by the so called geometrodynamical equation, which asserts that the pullback of the target-space supervielbein bosonic components onto the supersurface Grassmannian directions has to vanish, i.e.
where Z M is a condensed notation for superspace coordinates, considered as a worldvolume scalar superfields, E a M (Z) is a tangent space vector components of the target-space supervielbein 1-form and Dq is the supersurface Grassmannian covariant derivative. Index q stands for the direct product of the supersurface Lorentz group SO(1, p) spinor index and the one corresponding to the fundamental representation of the automorphisms group of the extended supersymmetry on the worldvolume. Written in such a form superemdedding equation is valid for all known types of branes coupled to corresponding supergravity backgrounds. We, however, will concentrate on the Type II superstrings embedded into flat D = 10 target-superspace with the bosonic metrics η mn = (+, −, ..., −). Then (1) reads
where Grassmannian superfields Θ In order to establish a relation between the NSR string and the Type II superstring we need to analyse this superembedding equation for the n = (1|1) worldsheet superspace, parametrized by only two Grassmannian variables η ± , which corresponds to the NSR string type worldsheet supersymmetry. Note, that the n = (1|1) worldsheet supergravity can be considered superconformally flat [16] . Thus, component expansions of the worldsheet superfields X m , Θ α1,2 acquire the simplest form 
where superscript 0 corresponds to the flat superworldsheet. They satisfy the following
Fixing the superconformal gauge we impose the chirality conditions on Θ α1,2 superfields [1]
which on component level are equivalent to
Superembedding equation then yields
Let us now discuss some properties of the obtained formulae. Reprsentation ( 
The NSR string and the GS superstring equations of motion are satisfied by virtue of (9-11).
3 For the Type IIA case we have
Now let us consider the NSR string constraints. Supercurrent constraints
after substitution of the representations (10, 11) give rise to the following equations
The fact that equations (15) contain worldsheet superreparametrization-like terms with only two arbitrary functions d ± (σ ±2 ), as was shown in [2] , amounts to all but two κ−symmetry parameteres being fixed. The rest are identified with the n = (1|1) worldsheet superreparametrization transformations in order to establish the relation with the NSR string.
The stress-tensor constraints
after substitution of the representations for ∂ ±2 X m (11) reduce to
since the vectors ∂ ±2 X m are light-like as a result of the equations of motion for θ 1,2 (15) and the permutation formula for the D = 10 σ−matrices (13) . From the constraints (17) there follow the equations of motion for the commuting spinors λ
Equations (15, 18) lead to the following expressions for ∂ ±2 ψ m ± :
It is also possible to establish the connection between the NSR and the Type II GS string actions
where
∆S goes to zero using the chirality conditions (9).
3 Manifestly SO(1, 9) Lorentz covariant κ−symmetry fixing Now let us concern the issue of κ−symmetry fixing for the Type II GS superstring. To this end let us consider the classically equivalent twistor-like Lorentz harmonic formulation for the Type IIB GS superstring [13] :
In the Type IIA case one should replace ∂ ν θ α2 σ mαβ θ β2 with ∂ ν θ 2 ασ mαβ θ 2 β . In addition to the variables which are present in the standart GS superstring formulation [7] it contains the worldsheet zweinbein e 
They are orthonormal
as a result of certain harmonicity conditions imposed on the spinor harmonics that reduce the number of the independent variables in the spinor harmonics to the dimension of the SO(1, 9) Lorentz group equal to 45 [17] . Lorentz frame vector harmonics satisfy the following differential equations
4 It is this action, that an unknown doubly supersymmetric superfield one should reduce to after integrating out the superworldsheet Grassmannian variables and elimination of auxiliary ones.
These are the only possible equations compatible with the orthonormality conditions (27).
Coefficients Ω in (28) are the SO(1, 1) × SO(8) decomposed SO(1, 9) Cartan forms. From the embedding theory point of view [18] , [19] , [20] , [21] 
can be identified with the torsion (third fundamental form) components, Ω
[+2](i) ±2
and Ω
[−2](i) ∓2
with the second fundamental form components and Ω
±2 with the 2d spin connection. Integrability conditions of Eqs.(28) are Gauss, Peterson-Kodacci and Ricci equations [18] , [19] .
Action (23) 
where w
To fix κ−symmetry gauge it is useful to expand Grassmannian variables using the spinor harmonics:
κ−Symmetry transformations for the introduced variables look as follows:
5 For the Type IIA case κ−symmetry transformations read:
6 Note that for the null-string terms proportional to (α ′ ) −1 vanish since α ′ → ∞ [22] . Analogously we are able to expand λ α ± on the spinor harmonics
requireing the introduced light-like vectors (11) λ + σ m λ + , λ − σ m λ − to have the following expressions through the Lorentz frame ones
This condition ensures that equation (11) e −φ . Note that the integrability conditions of equations (37) after using (9) lead to the following expressions for the 2d spin connection
and the minimality conditions for the components of the second fundamental form
The connection between κ−symmetry fixed GS variables and the NSR variables can be established upon the substitution of
into (10) and the expansion of ψ m ± on the vector harmonics
7 In the Type IIA case κ−symmetry fixing conditions look like θ
As a result we obtain
The equations of motion for κ−symmetry fixed Grassmannian variables θ − A and θ + A and the commuting spinors λ A and λȦ one obtaines after the substitution of (40) into (9, 15, 18) and taking into account the equations of motion for the spinor harmonics following from (28)
Note, that these equations can be considered from the 2d field theory point of view as the Dirac equations for spinors interacting with the SO(1, 1) × SO(8) Yang-Mills connection.
There also appear the following equations for the nonzero components of the second fundamental form
and for the coefficients in (15)
As was noted before, coefficients d + and d − correspond to the two unfixed κ−symmetry parameters which, when establishing the relation with the NSR string, are identified with the n = (1|1) world sheet superreparametrizations. Their nullification signifies that we have entirely fixed κ−symmetry.
Analogously equations for λ A and λȦ are
There also appear new equations for the components of the second fundamental form
8 For the Type IIA case we have:
To solve equations (47) we suggest that
allows to define g ±3 = 8ϕ
i ± q i ±10 (θ ± ) 8 and to reformulate (51) as
The system (54) has the rank equal to 4 so it admits nontrivial solutions.
The integrability conditions for equations (43,44,45,46,49,50) look like
Equation (55) , λ A , λȦ. To this end let us first rescale them :
After that equations (43-46,49,50) acquire the form
where matrices α AB and βȦḂ satisfy the following equations
we obtain
The integrability conditions of equations (64) coincide with (55). So we are able to write down the explicit solutions to equations (65,66) in the form
Equations of motion for the NSR string physical variables ϕ 
where invertible matrix A ij satisfies the following system
After substitution of ϕ i ± into the NSR string action its fermionic part acquires the form 
Taking into account the fact that (42) contains 8d γ−matrices and performing corresponding 
in which the second part involves new variables, absent in the original formulations of both the NSR string and the GS superstring theories, namely, the Grassmannian 3-forms ψ
We have considered the n = (1|1) superembedding equation for the Type II superstring.
It was shown to contain the relation (10) between the NSR string and the Type II GS superstring variables, to allow to solve the equations of motion for the both models and to relate their actions. Upon the manifestly SO(1, 9) Lorentz covariant fixation of κ−symmetry using the twistor-like Lorentz harmonic variables, which amounts to covariantizing the lightcone gauge, (10) redices to the relation between the κ−symmetry fixed Type II GS superstring variables and the transverse physical NSR string variables ϕ i ± . The equations of motion for the gauge fixed variables were obtained and solved.
